A phase is a physically discrete and chemically homogeneous portion of a system, separated by boundaries from other portions of the system. The phase rule given by J.W Gibbs in 1874 is applied to define a system composed of single component as well as multi-component. Various pharmaceutical formulations such as emulsion, micro emulsions and gels are mainly composed of lipid soluble component, water soluble component, surfactant and cosolvents. Phase diagram serves as an important tool for screening of such formulation components. A phase diagram is a graphical representation composed of area curve, lines and points, which is used to describe a specific system composed of a single or multiple components and generate the data with respect to concentration of different components, temperature and pressure at which thermodynamically distinct phases occur, transform from one phase to another and coexist at equilibrium. A ternary phase diagram has the shape of a triangular prism with an equilateral triangle as a foundation which is used to describe a three component system. Ternary phase diagrams give the precise and accurate data of the various composite component systems and are utilized in several areas of pharmaceuticals like the formulation of various dosage forms, polymer coating methods and several other formulation processes. The review focuses on the concept of phase diagram and phase rule, various methods and rules relating to ternary phase diagrams, various examples and its recent applications in pharmaceutical research.
INTRODUCTION
A phase can be described as chemically homogeneous and physically discrete part or portion of a system that is separated from other parts or portions of a system by boundaries. All the parts of a system can be termed as components. To define a particular system or state of each phase in a system, a fixed number of variables have to known. The phase rule was given by J.W Gibbs in 1874. The phase rule is based on thermodynamics and helps to determine the condition for non-reactive multi-component heterogeneous or polyphase system to exhibit phase equilibrium. [1] [2] [3] [4] [5] [6] Phase rule can be defined as 'When a heterogeneous system in equilibrium at a definite temperature and pressure, the number of degrees of freedom is equal to by 2 the difference in the number of components and the number of phases provided the equilibrium is not influenced by external factors such as gravity, electrical or magnetic forces, surface tension etc. 2 Mathematically, it can be written as F= C -P + 2
Here, the F is the number of degrees of freedom in system or the minimum numbers of factors that have to be known to define a system, C is the number of independent components or parts of a system and P is the number of phases present in the system. 3 The phase rule is applied to define a system composed of single component as well as multi-component. Phase diagrams can be defined as graphical representation consist of area curve, lines and points which are used to show several conditions such as temperature and pressure at which thermodynamically distinct phases occur, transform from one phase to another and coexist at equilibrium. 3 The system can be called as in-variant, uni-variant, bi-variant and so on as per to degrees of freedom (F) is zero, one, two and so on. For example, in a three component system with two phases, degree of freedom will be one or the system is will be univariant. 4 For one component system such as water, the phase rule is enforced and the phase diagram gives a batch of information like the sublimation temperature, triple point, boiling and freezing temperature. As per phase rule equation, a one component system should have maximum two degrees of freedom. For two component systems like Water and phenol, which are partially miscible, the phase diagram gives the information regarding the various concentrations at which the two phases are miscible with each other and the temperature at which they are miscible. A two component system consisting Salol-thymol system shows four regions in the phase diagram, information such as the melting point of Individual components can be established. A phase diagram is used to establish the 'eutectic point' at which the solid and liquid phases exhibit the same composition. It is very important because the eutectic point is at a temperature lower than the melting point of either of the individual components. Thus, a eutectic mixture can melt at a temperature lower than the temperature required to melt either of the individual components. Ternary phase diagrams give the precise and accurate data of the various composite component systems and are utilized in several areas of pharmaceuticals like the formulation of emulsions, micro-capsules, gels, polymer coating methods and several other formulation processes.
of perpendicular lines rather straight lines are drawn from each vertex or corner, to the opposite side of the triangle passing through the point of interest. The lengths of these lines, and the lengths of the segments between the point and the corresponding sides, are measured individually and the ratios of components A, B and C can then be determined by dividing these segments by the entire corresponding line. 8, 13, 14 It is very important to understand certain rules associated with the use of triangular coordinates. The concentration of the components in ternary systems is expressed in terms of weight basis. Following statements should be studied: 14 1. In Figure 3 , each of the apexes of the equilateral triangle represents the 100% of one component in terms of weight and 0% of the remaining two components. 2. The three lines (AB, BC, CA) joining the vertex points represent the combination of A, B and C, they represent the two component or binary mixtures. Now by dividing each line with 100 equal segments or units, the location of the point present along the line can be directly related to the % concentration of one component in a binary system. 3. In going along the edge of the triangle in order to represent the concentrations in a binary system. It does not matter whether we go in clockwise or anticlockwise direction, provided we are constant. For example in case of side AB if we move in the direction of B, it signifies a binary system of A and B having the increasing concentrations of B and correspondingly decreasing concentration of A, similarly for BC and CA. The region inside the triangle symbolises the all possible combinations of A, B and C to give three component or ternary mixture. For example, to determine the composition of A, B and C at location 'x' in the triangle; The side of the triangle AC opposite to apex B represents a binary systems composed of A and C in which concentration of component B is zero. The lines drawn parallel to side AC represents increasing concentration of B from 0 to 100% and the line that cut 'x' is equivalent to 15% of B and 80% of A+C. Similarly along the line AB C= 0. The lines drawn parallel to AB shows increasing concentration of C from 0 to 100%. The line parallel to AB that cut 'x' is equivalent to 30% of C. Thus the concentration of A can be calculated as 100-(B+C) =100-(15+30) =55%. 5. Suppose a line is pulled through any corner of the triangle to a point on the opposite edge then all the systems present on the given line will have the same ratio of composition of the two components (ex in this case A and B). Further inclusion of C to a mixture of A and B will give systems that lie progressively nearer to apex C (100% of C) 6. Any line which is parallel to any side of the triangle (in Figure 3 , Ex HI) represents the ternary systems in which proportion of any one component is constant. In this case C is constant and varying composition of A and B.
PHASE DIAGRAMS FOR TERNARY MIXTURES
It is also called as Gibbs phase triangle, triangle plot, ternary graph, simplex plot, Gibbs triangle or de Finetti diagram. A ternary system consists of three components. We can independently change the pressure, the temperature, and two independent composition variables for the system as a whole. 8, 13 A ternary or three component phase diagram has the shape of a triangular prism with an equilateral triangle as a foundation which is also called as composition triangle. In Figure 1 , each apex of the triangle indicates one of the pure components A, B, or C. A point present on the edge of the triangle opposite a vertex represents a two component system or binary system and a point present within the internal area of triangle represents a three component system or ternary system. In a ternary system we need to limit the quantities of two components. So we call for two axes. The measure of the third can be obtained by deducting the aggregate of the two from 100 which means all three components A, B and C represent 100% or sum of three is 100. The entire space is divided into a set of small equilateral triangles which can be further subdivided. Smaller divisions give accurate and precise location of the composition.
7,13

METHODS OF READING AND RULES RELATING TO TRIANGULAR DIAGRAMS
There are three usual methods which are applied to study a ternary phase diagram. The foremost method is an approximation based upon the 'phase diagram grid' . The triangle is divided into fine grids from accurate measurements of the components. The second method is the 'altitude method' (Shown in Figure 2a ) which is used when the phase diagrams does not possess grid lines in which to determine the composition of all three components. The height or altitude of the triangle is set to 100% and the shortest distances is determined from the point of interest to each of the three sides or edges of the triangle. The content of each of the component can be estimated based on the distance calculated. The third method is 'intersection method' (Shown in Figure 2b ) which is grounded upon a bigger number of measurements. It does not call for the drawing Type III: Surfactant rich middle phase coexists with both water (which is lower phase) and oil (which is upper phase) surfactant deficient phases. It is Winsor III type.
Type IV: Single phase homogeneous mixture. It is Winsor IV type.
Suppose, in Figure 6 a triangle is obtained by combining three components (Water-oil-Surfactant). It contains a one phase region which is called as region of miscibility and a two phase region which is called as region of immiscibility. The one phase contains the water in oil or oil in water micelles and it is homogeneous in micrometer or in optical range. The two phases contains a phase of water and surfactant and other is mostly oil at low temperature. A change from 1 phase to 2 phases promotes phase separation that promotes along tie lines. The critical condition for ternary mixture is called is plait point which is equivalent to critical point in binary mixture and the line is called as plait line. As the system point reaches the plait point or critical point from within the two-phase area, the length of the tie line through the system point approaches zero, the miscibility gap disappears, and the composition of the two liquid phases become indistinguishable. 11, 12 This is valid in low temperature. As the temperature increases it reaches the closed loop region which added two 2 phase regions to the phase diagram (one oil rich and other water rich) and two plait or critical points. Slop of the tie lines also changes. Such phase diagram is characterised by 3 phase regions in triangle inside the triangle which cuts two 2 phase regions. The cause of formation of 3 phase region is the temperature variable.
11,12
THREE COMPONENT SYSTEM HAVING A PAIR OF MISCIBLE LIQUID
Benzene and water are slightly miscible and they produce a binary system. Alcohol is completely miscible with both the solvents. Thus, it is expected that additions of sufficient alcohol to a two phase system would give a single phase system composed all the three components. Addition of alcohol leads to complete miscibility of two solvents which is achieved by solvent effect. Water is highly polar whereas benzene is non polar, alcohol is as an intermediate polar solvent that provides the electronic equilibrium and provides solvation. 16 Suppose in Figure 4 , A, B and C are three corners of a composition triangle representing water, alcohol and water respectively. The line AC represents a binary mixture of A and C .The limits of solubility of C in A and A in C is denoted by a and c respectively at the specific temperature being used. The curve afdeic marks the extent of two phase region and the remaining triangle contains single phase liquid. The direction of tie line within the curve depends on the relative solubility of the third component on the other two components. The systems g and h present on the tie line fi gives rise to two phases having composition denoted by points f and i. The amount of two conjugate phases will depend on the position of the original system on the tie line. For example point g after getting equilibrium and will separate into two phases f and i and its ratio on weight basis is given by gi: fi. Similarly for mixture h. 14 The incorporation of component B to a 50:50 blend of components A and C produces a single phase system at point d. Similarly a 25:75 mixture of A and C is shown at point j and addition of B leads to phase change at point e.
14
WINSOR PHASE BEHAVIOUR DIAGRAMS
Winsor on the basis of his study classified the water-oil-surfactant ternary mixture in four different phase equilibria (Shown in Figure 5 ). 
Effect of Temperature
In case of non-ionic micro emulsion, phase behaviour is temperature dependent. There is specific phase inversion temperature (PIT). As the temperature changes, the oil or water phase volume or the relative amount changes. At low Temperature or when T < PIT, the two phase consists of an oil phase and water-surfactant phase which is Winsor I. With the increase in the temperature till T = PIT, surfactant gets equally distributed between a water and an oil phase which is Winsor III type. Further increase in temperature or when T > PIT, the two phase mixture becomes a water phase and an oil-surfactant phase which is Winsor II type.
4,9,11
THE FISH DIAGRAM
The fish phase diagram can be obtained by taking a section across the ternary phase diagram along the isopleth line (Shown in Figure 7 ). This cut correlates with change in the temperature and composition of one component but the ratio of remaining two components remains fixed. Thus a section through Gibbs phase triangle at constant water to oil ratio and varying surfactant concentration is called as fish cut phase diagram. The name implies characteristic fish like shape.
9,11
The fish head shows the three phase region whereas fish tail shows one phase region. The three phase region extends from T l to T u where T u and T l are highest and lowest temperatures where three phase region exist. The temperature at which fish body intersects fish tail is known as phase inversion temperature (PIT) or also called as tricritical point which is dependent on the components of the emulsion and surfactant concentration. Phase inversion temperature or tricritical temperature represents the efficacy of surfactant or the minimum amount of surfactant required for complete emulsification of oil and water. Above T u and below T l it is two phase region.
9, 11
CONSTRUCTION OF A PHASE DIAGRAM
Sheikh Shafiq-un-Nabi et al. have worked on development of nanoemulsion and its optimization. They constructed ternary phase diagram using aqueous titration method for their study. Different ratios of surfactant and cosurfactant (Smix) in different volume were used to study the phase diagrams in nanoemulsion formation. For each phase diagram specific Smix ratio was thoroughly mixed in different volumes of oil. Aqueous titration method was used for the development of the ternary phase diagram in which each oil and Smix combination was slowly titrated with aqueous phase. The amount of water added was calculated in the range of 5% to 95% of total volume, with the increment of 5% after each 
RECENT APPLICATIONS OF TERNARY PHASE DIAGRAMS IN PHARMACEUTICALS
CONCLUSION
Ternary phase diagram construction is the best approach to study all the types of formulations that can be formulated by mixing of water, oil and surfactant. It provides the scientific basis for the screening of different formulation components and determination of optimum conditions for existence of equilibrium. It is widely used in the research and formulation studies of various pharmaceutical formulations and processes.
ACKNOWLEDGEMENT
The author would like to thank Manipal College of Pharmaceutical Science, Manipal Academy of Higher Education for providing the support.
